This paper has shown that green infrastructure is effective in mitigating the harmful effects that urbanization brings to the water cycle. Two green infrastructure strategiesbioswales and created wetlandsare crucial in solving some of the water problems that increasing urbanization has created. Bioswales are engineered green spaces that collect runoff and remove harmful pollutants from the stormwater before it is discharged into surface water sources. Besides polluted stormwater, the other major water problem is eutrophication. Created wetlands are effective ecological tools for mitigating eutrophication, which is the result of excessive nutrients in water bodies that cause algal blooms and subsequently suffocate other organisms in the water by depleting oxygen. By analyzing two case studies, namely the New York City "Rain Gardens" and Freedom Park, a created wetlands in Naples, Florida, it can be concluded that green infrastructure is an effective way to reduce harmful effects of human development. Some examples of mitigated environmental degradation are the reduction of rainwater runoff, reducing of polluting particulate matter within the runoff, improvement of air quality, providing for beautification efforts, mitigation of erosion, habitat loss, and prevention of eutrophication
Introduction
Green infrastructure is an ecological landscaping method that was first theorized in a 1994
Floridian report titled Creating a Statewide Greenways System, which was presented to the governor at the time, Lawton Chiles (Florida Greenways Commission, MacKay, & Reed 1994) .
As defined by the European Commission, green infrastructure is "a strategically planned network of natural and semi-natural areas with other environmental features designed and managed to deliver a wide range of ecosystem services" (Communication from The Commission to The European Parliament, 2013, p. 3) . This term began to be used in reference to preservation of the state's fragile ecosystems and mitigate the harmful impact of anthropogenic processes on the state's natural resources. The purpose of this paper is to bring awareness to the harmful effects of anthropogenic development of our time and to suggest ways in which green infrastructure strategies may mitigate the damage humans have done thus far and prevent further environmental damage. To fulfill this purpose, this paper will use case studies to bring attention successful examples of green infrastructure are bioswales, which are stormwater infiltration systems. Bioswales are designed to capture stormwater runoff, which is water accumulated through precipitation. The runoff often contains harmful pollutants such asheavy metals (some being copper, lead, and nickel), agricultural nutrients from lawn fertilizers, pesticides, bacteria, and suspended solids that can contaminate natural water resources (Xiao et al., 2017) . Bioswales allow the infiltration of runoff into the ground and mitigate the harmful impacts of runoff on ecosystems (Lovell & Johnston, 2009 ). Green infrastructure works by using the landscape and ecological processes to store, infiltrate, and evaporate stormwater to relieve pressure on conventional drainage systems (Environmental Protection Agency, 2011) .
Bioswales
Bioswales are defined as low-gradient, open channels possessing covers of vegetation through which surface runoff is directed (Groves et al., 1999) . They are designed to move urban runoff away from the built environment. Through their design, bioswales utilize ecological processes, which approximate natural water drainage processes that restore rainwater into the hydrological cycle. In the natural world, plants and soil composition allow a paced penetration of water into the ground. In these green infrastructure areas, the break in concrete and asphalt in the urban landscape allows permeability and the subsequent filtration. This newfound perviousness allows rainwater to soak into the ground, allowing the water to be absorbed and filtered by plants and the soil itself. As the soil and plants soak up the rainwater, they begin to filter out particulate matter such as dissolved metals, nitrates, and phosphates (Soil Science Society of America).
Thus, bioswales to some extent restore the natural processes through which water precipitation enters back into surface and groundwater sources, which have since been disrupted due to high levels of urbanization that rendered large tracts of land covered with asphalt and concrete impermeable.
Massive areas of urban surfaces generate large amounts of polluted runoff, which causes water pollution, ecosystem destruction, groundwater recharge deficits, toxicity to aquatic life, and groundwater contamination (Xiao et al., 2017) . As bioswales are more pressured than the natural landscape due to the steep ratio of impermeable surface area to soil surface area, bioswales are engineered with soil that allows water infiltration at a fast pace while allowing adequate time for absorption and filtration. In addition, bioswale soil must resist compaction, which would seriously inhibit infiltration rates. Moreover, bioswale soils are required to be able to hold enough water and nutrients to sustain the plant life within it (Soil Science Society of America).
Bioswales can be employed to alleviate these issues by providing points of relief within the urban landscape through foliage and greenery.
Construction
A bioswale is a type of engineered, landscaped, and often modular stormwater collection and management system. Bioswales aim to remove surface runoff as soon as possible, preferably at the source (Xiao et al., 2017) . Bioswales are typically gently sloped on the surface or have grooves on the side to allow water flow into the vegetated collection area. When water enters the bioswale, the organic material naturally slows the absorption of fluid, preventing harmful effects such as erosion and inefficient filtration that comes from fast water flow (Grenz, 2007) . Under the first layer of vegetation and soil, a secondary layer consists of sand, gravel, and/or rock that filters suspended solids from the water before it enters local groundwater systems ( Figure 1 ). As an example of soil engineering, New York City's rain gardens feature two feet of engineered soil and an open-graded stone bed to allow different sizes of particulates to be filtered out (NYC Water Staff, 2017) . The finer soil filters out smaller particulates while the larger grade stone bed allows a greater rate of infiltration into the ground. This design can be applied in most urban centers due to the simple but effective concept of soil layers and use of trees to mitigate runoff pollution and pressure. 
Benefits and Design
There are many advantages to integrating bioswales into the urban settingssuch as improvement of water quality, flood mitigation, improvement of air quality, improvement of biodiversity, and even improvement of mental health (Everett et al., 2015) . Bioswales allow for surface runoff to enter the ground in locations that would otherwise be covered by elements like asphalt and cement. This allows bioswale to prevent the would-be runoff at the site, preventing a large volume accumulation of both runoff and particulate pollutants (McLaughlin, 2012) .
Particularly, if the bioswale is planted, the vegetation may also improve local air quality and provide some habitat for wildlife. In addition, the vegetation in the bioswales break up the monotony of urban settlements and brings in small patches of greenery that may contribute to improving human mental health (Pataki et al., 2011) .
Spearheading a bold move towards green infrastructure, the New York City Department of Environmental Protection (NYCDEP) launched its bioswale program in 2010. New York City is in direct contact with many bodies of water, whether it be the Hudson River, East River, the Upper and Lower Bays, or the Atlantic Ocean (Sapienza, 2017) . Therefore, any untreated water outflow from the city has an immense impact on the surrounding watershed. The usage of bioswales, or colloquially, what the NYCDEP calls "rain gardens," is a step in mitigating the overflowing of conventional wastewater treatment plants during heavy rainfall ( Figure 2 ). The goal of bioswales in NYC is to be able to prevent 1.67 billion gallons of stormwater per year from running into the conventional water treatment systems in the city by 2030 (Sapienza, 2017) .
These rain gardens will move the city closer to this goal but cannot be solely relied upon to achieve this objective. The rain gardens are basins integrated into the side of the street within the curb ( Figure 3 ). As stormwater flows down the street, the rain garden catches the runoff through a depressed inlet area on the curb. Within the rain garden are layers of soil and vegetation. The water is then absorbed into these layers. If there is too much water, there is another depression in the curb that serves as an outlet. In the rain gardens, soils with high sand content are used in order to provide the highest degree of permeability that can be achieved (McLaughlin, 2012) . New York City's rain gardens are an example of how bioswales can be integrated into metropolitan areas and are emulated in many cities across the United States. As mentioned before, urban population tend to suffer from air pollution and decline in visual aesthetic. In this regard, rain gardens are intended to not only assuage pressure from water drainage facilities but also promise to improve air quality and bring beauty to the localities in which they are constructed. NYC's rain gardens integrate some crucial foliage to the urban landscape ( Figure 4 ). 
Water Quality Studies
For the rain gardens, studies have concluded that they relieve conventional water drainage systems regardless of the amount of rainfall, however, bioswales are more effective when rainfall is lighter (McLaughlin, 2012) . When rainfall is below one inch, the rain gardens collect an average of 73% of the rainfall, however, that number declines steeply as rainfall approaches two inches and above two inches of rain, the number drops to a 14% rainfall capture rate (McLaughlin, 2012) . The significant decrease may be due to the limited surface area. Increased water flow into the rain garden may not have enough time to penetrate the surface of the rain garden, especially if the garden is already saturated. The capability of NYC's rain gardens appears to be inadequate for heavier rainfall, but there is no question that they bring much needed relief to conventional water management practices.
Created Wetlands

Damages to the Coast
With human affinity for the coast, first for trade and survival, but in modern times, also for the simple luxury of coastal living, our coastlines have been ecologically devastating.
Because of this, wetland ecosystems, naturally biodiverse and ecologically important, have been destroyed by development. Wetlands are extremely valuable ecosystems that provide multiple services to the environment.
Wetlands provide habitat for wildlife, have educational value, provide a catalyst for natural cycles, reduce water flow, filter the groundwater, retain particulate pollutants (such as heavy metals, lawn fertilizer, and excess nutrients), and prevent erosion (Donald, 2001) . Without wetlands, natural water sources may lose ecological processes that provide vital restorative filtration. In the absence of the service provided by wetlands sediments, excessive nutrients like phosphate and nitrogen would flow freely without any limitations (Donald, 2001) .
In attempt to resolve some of the issues that come with a lack of wetlands, created wetlands provide a quasi-natural means of retaining and filtering water inflow. Created wetlands are constructed counterparts to natural wetlands, often built in locations where wetlands used to exist but were removed due to development. Alternatively, they can also be created to supplement existing, naturally occurring wetland ecosystems.
Benefits
Created wetlands are multi-purpose green infrastructure facilities that also provide habitat restoration. "Wetlands" is the generic term that includes marshes, swamps, and bogs, which usually occur in low-lying land, along rivers, lakes, and coastal waters where they are subject to flooding (Tiner Jr. & Fish and Wildlife Service, 1984) . Wetlands occupy the territory between dry land that humans use for building cities and clearly defined water bodies such as rivers (Tiner Jr. & Fish and Wildlife Service, 1984) . Wetlands are one of the most valuable ecosystems and their advantages include biodiversity support, flood mitigation, and reduction of harmful water nutrient loads (Costanza, R. et.al., 1997) . They can be used for building a natural system that distills both rainfall and groundwater through natural processes. These processes may include rainwater filtration through sediment and natural groundwater filtration. Pollutants like organic materials, excess nutrients, pathogens, and even heavy metals can be filtered out with a system of saturated substrate, vegetation, and animal life (Patel & Dharaiya 2013) . Created wetlands are an example of how humans can harness natural processes to enhance the environment and reduce the harmful impact of human development.
Site Selection
Created wetlands are most suited for areas that have suffered the greatest amount of wetland depletion in terms of both surface area and ecological functions (Kentula et al., 1993) . When planning a created wetland, one of the first considerations is whether the wetlands should be supplied by surface or groundwater. Surface water focused wetlands hold rainwater like a bowl, relying on the presence of clay or silt to hold the water, while groundwater-based wetlands act like wells, holding the water underground (Kentula et al., 1993) . Wetlands need silt or clay soils, thus an important criteria in the selection of a site is the presence of silt or clay soils (Biebighauser, 2007) . Location is imperative for created wetlands because a wetland on a site that cannot function as wetland could lead to a facility that fails to hold water (Donald 2001) .
Freedom Park
Freedom Park is a fifty-acre stormwater quality improvement facility in the Gordon River watershed in Naples, Florida. Freedom Park was developed to mitigate the damage that extensive waterfront development has caused in the Naples Bay watershed. Developmental strategies like the ecologically devastating "cut and fill" channels hold little regard for ecology (Dellapenna et al., 2015) . Human induced processes have been destroying the former natural landscape and damaging time-tested ecological processes that keep the watershed healthy. Freedom Park utilizes created wetlands to restore numerous ecological functions including but not limited to rejuvenating some of the native habitat, stormwater filtration, and stormwater management (Bays & Bishop, 2014) .
Anthropogenic Change
Much of the problem comes from the conversion of natural estuaries and their systems into and oyster-reef lined shores, which were often replaced by concrete seawalls (Dellapenna et al., 2015) . Extensive systems of seagrass beds that aided in preventing erosion also existed before South Florida was extensively developed. The dislodging of the mangroves, seagrass beds, and oyster-reefs that kept the environment in balance had led to sand and mud dominated sediment.
Increased sediment impacts ecology negatively, as it reduces the number of aquatic species and their productivity (Benedict & McMahon, 2006) . This type of sediment exacerbates erosion and increases turbidity, as sand and mud do not settle as readily as heavier sediments (Dellapenna et al., 2015) . Freedom Park, a created wetland, was built to mitigate the anthropogenic impact on the watershed. Naples Bay is a host for wildlife habitats and provides a buffer between saltwater and freshwater systems. It also provides natural water retention and filtration. A poignant point of concern is that due to the highly urbanized watershed, immense amounts of direct drainage enters the river and estuary. The creation of highly impermeable surfaces like roads, pavements, hard landscaped plazas, and buildings leads to a reduction of naturally permeable surfaces through which rainwater may drain into the ground. This forces water to drain into the river and bay, as municipal drainage and sewer systems often discharge directly into the natural waterways. Untreated discharge often leads to eutrophication. The increased presence of urban pollutants including fertilizer runoff and particulate matter from automobile exhaust further increases the pollutant levels in the runoff. In Naples, the Gordon River Master Plan was developed in 2002 to address these issues. Design on the Freedom Park project began in June 2005, and its construction began in December 2007 (Bishop, et al., 2012) . Though born out of necessity in the face of ecological devastation, Freedom Park inaugurated an initiative to protect the Naples Bay watershed
The Design
Freedom Park demonstrates how using plants and natural ecological processes can be integrated into water treatment facilities. Broken down to the two main components, the treatment system uses a pond and native herbaceous wetlands ( Figure 5 ).
Within Freedom Park, the integrated pond is used for stormwater storage. The pond slowly allows water to enter the created wetlands. As rainfall occurs, the runoff is directed into the pond for initial storage. The series of constructed marshes after the pond are designed to remove harmful pollutants from the stormwater before the water is released into the watershed ( Figure  6 ). The system of marshes is composed of both shallow and deep elements. The shallow marshes, which are no deeper than about 30 centimeters (cm), are home to native emergent plants, such as picker weed, spike rush, sawgrass, duck-potato, and fire flag (Figure 7) (Bishop, et al., 2012) . The deeper marshes, that may be as deep as 130 cm, include water lily, spatterdock, and other species of submerged vegetation (Vasquez-Burney, 2016) . Much consideration was put into the selection of native vegetation. By utilizing native plants, the efficiency of this system increases significantly due to the ability of the plants to thrive and adapt to a familiar climate. 
Water Quality Studies
Freedom Park discharges into the neighboring Gordon River, which was highly polluted due to harmful direct discharge before the creation of the wetlands. Phosphorus and nitrogen, while essential for life, are harmful to water bodies in excessive amounts. Excess nitrogen and phosphorus in water bodies can cause eutrophication. Because of eutrophication, other forms of life, like fish, may either be forced out of the area or simply perish, and excessive growth of plants may obstruct waterways in both natural and manmade systems, such as congesting pipes.
Excessive nutrients mainly come from agricultural runoff, though runoff from urban centers also contributes to the problem.
The creation of Freedom Park has significantly reduced the nutrient load on the water being discharged into the Gordon River. This is evident through a reduction in Phosphorus and Nitrogen levels. Between January 2008 and November 2011, the median inflow amount of Phosphorus in the water that initially entered the wetland was 0.196 mg/L, while the median outflow amount of Phosphorus from the wetlands was 0.032 mg/L (Bishop, et al., 2012) . This is a decrease of 84% in Phosphorus concentration between the water that flows into the manmade wetlands and the water that discharges from the green infrastructure into the neighboring Gordon River.
When looking at Nitrogen amounts in the water moving through the wetland, from the same time period, median inflow amounts of Nitrogen were 1.38 mg/L while median outflow amounts of Nitrogen in the water was at 0.87 mg/L (Bishop, et al., 2012) . This is a decrease of 37% in median Nitrogen content in the water that passed through the created wetland. These numbers were an important indication that the wetlands were functioning as planned. The park has an undeniable impact on the quality of water entering the Gordon River, which in turn provides much of the region with fresh water.
Habitat Restoration
While water filtration is one of the main focuses of Freedom Park's manmade wetlands, habitat restoration is another focus. Freedom Park aimed to restore 12.5 acres of habitat through the targeted removal of nonnative plants such as melaleuca trees and Brazilian pepper (Vazquez-Burney, R., 2016). Great care was taken to only remove non-native and invasive species while keeping native plants intact. Over half the canopy was removed in order to provide an opportunity for native species such as the Florida royal palm, flowering pickerelweed and swamp lily. As the old canopy cover was removed, native plant species were planted to restore the ecosystem. By the third year, median ground cover had increased from 37% to 76%, a testimony to the success that native species flourished after removal of the taller nonnative plants (Bays & Bishop, 2014 
Conclusion
Throughout history, humans have increasingly degraded the environment. Increased rates of water pollution, rainwater runoff, eutrophication, particulate pollutants, habitat loss, and air quality degradation are few of the many issues caused by unplanned urbanization. When faced with the issue of decades of unhindered, exponential urban growth, researchers, at first, may scramble for solutions.
Green infrastructure seems to be an important tool for urban planners. By reducing the velocity and amount of rainwater runoff, reducing the amount of particulate matter, mitigating erosion and habitat loss, green infrastructure restores some of the health to ecosystems that would otherwise be devastated by unchecked urban development.
The New York City's "rain garden" bioswales project show how green infrastructure can be successfully installed in large metropolitan areas. It is a successful model for urban planners to follow when it comes to drainage alternatives and/or supplements. On the other hand, the created wetlands of Freedom Park are a successful case in areas where land is plentiful and suited for wetlands. The park has proven its efficacy not only via water filtration but also through successful habitat restoration with native fauna and flora. When looking for successful examples of green infrastructure, one could look no further than the bioswales of New York City and the created wetlands of Freedom Park. Green infrastructure, as seen through these two case studies have shown that the idea is viable and will benefit the landscape surrounding urban development.
